As part of a study of in vivo gene expression levels in the human airway epithelium in response to chronic cigarette smoking, we have identified a number of genes whose expression levels are altered in a time-dependent fashion resulting from the procedure used to sample epithelial cells. Fiberoptic bronchoscopy and airway epithelium brushing were used to obtain independent samples from a single individual, 1st from the right lung, followed by sampling of the left lung. We observed that a specific subset of early response genes encoding proteins involved in transcription, signal transduction, cell cycle/growth, and apoptosis were significantly up-regulated in the left lung samples (the 2nd region to be sampled) compared with the right lung samples (the 1st region to be sampled). This response was due to the temporal nature of the sampling procedure and not to inherent gene expression differences between airway epithelium of the right and left lungs. When the order of sampling was reversed, with the left airway epithelium sampled 1st, the same subset of genes were up-regulated in the samples obtained from the right airway epithelium. The time-dependent up-regulation of these genes was likely in response to the stress of the procedure and/or the anesthesia used. Sampling-dependent uncertainty of gene expression is likely a general phenomenon relevant to the procedures used for obtaining biological samples, particularly in humans where the sampling procedures are dependent on ensuring comfort and safety.
INTRODUCTION
The development of the technology of gene expression arrays has opened the possibility of assessment of the levels of mRNA for many genes from small samples (1) (2) (3) . Inherent in the use of this biotechnology is the basic assumption that "real" gene expression exists, regardless of whether or not we observe it; that is, other than the variability in gene expression levels resulting from the inherent in vitro measurement technology, there is a "real" level of gene expression for the same population of cells within a given individual. The focus of the present study is to describe an additional variable in the measurement of gene expression resulting from the sampling process, in which the timing of obtaining in vivo samples yields different values in the mRNA levels of a subset of genes mostly relevant to transcription, signal transduction, cell cycle/ growth, and apoptosis. Whereas our example is specifically related to sampling of the airway epithelium in humans, the sampling dependent superimposition of "uncertainty" of gene expression is likely applicable to assessment of gene expression in general.
Our laboratory is interested in cigarette smoking modifications in the levels of gene expression in the human airway epithelium relevant to the development of major human airway diseases such as chronic bronchitis and bronchogenic carcinoma (4, 5) . Although experimental animal models can be used to evaluate some aspects of the pathogenesis of these disorders (6) (7) (8) , the ultimate goal is to understand disease pathogenesis in humans. In this context, we have adapted the methodology of sampling the airway epithelium using fiberoptic bronchoscopy and brushing to collect pure samples of airway epithelium for gene expression studies using microarrays (9) (10) (11) . This methodology routinely allows for collection of 10 6 to 10 7 airway epithelial cells of >99% purity. The fiberoptic bronchoscopy procedure requires mild, systemic, conscious sedation and local (nose, pharynx, vocal cords, trachea, and bronchi) anesthesia with a topical anesthetic. This is followed by the bronchoscopy procedure, in which a flexible fiberoptic bronchoscope is inserted through the mouth, passed through the vocal cords into the airways where the sampling is done by gliding a 1-mm brush along the epithelium to be sampled (10) . The brush is withdrawn and the cells collected in a tube with media. After an aliquot is taken for cell number and morphology assessment, the mRNA is extracted and then handled as is typical for microarray studies (4, (9) (10) (11) .
The protocol for the procedure is to sample the airway epithelium of the right and left lung so that gene expression can be compared at 2 locations in the same organ in the same individual. Prior studies have demonstrated a remarkably close correlation of the same genes over time in the same individuals sampled over a period of months (4) . On a global basis, when the entire set of genes on a chip is examined, the same is true between right and left lungs (4) . However, when gene expression in right and left lung samples were assessed on a gene-by-gene basis, we recognized that there was a subgroup of genes that were consistently expressed at higher levels ARTICLES in the left (the 2nd site sampled) compared with the right (the 1st site sampled). Remarkably, when the order of sampling was reversed, with the left airway epithelium sampled 1st, the same subset of genes were up-regulated in the samples obtained from the right. Thus, while the mechanism of the up-regulation of these genes is unclear, it is clearly associated with the time of sample acquisition, likely caused by the stress of the procedure per se and/or the anesthesia used. It is likely that sampling dependent "uncertainty" of the levels of expression of some genes is a general phenomenon relevant to the procedures used for obtaining biologic samples.
METHODS

Study Individuals
The study was approved by the Weill Cornell Medical College Institutional Review Board, and written informed consent was obtained from each individual prior to enrollment in the study. Two groups of individuals were recruited using advertisements in local newspapers: phenotypically normal nonsmokers and phenotypically normal chronic smokers with an approximate history of 20 pack-year smoking, but no history of current respiratory tract infection, chronic bronchitis, or lung cancer.
To insure that both groups fit the enrollment criteria, individuals underwent an initial screening evaluation that included a history of smoking habits, respiratory tract symptoms, and prior illnesses; a complete physical exam; blood studies; urine analysis; chest roentgenogram; electrocardiogram; and lung function tests. The blood studies included blood cell counts, coagulation parameters, serum electrolytes, liver and kidney function tests, serum evaluation for human immunodeficiency virus antibodies, hepatitis profile (A, B, and C), anti-nuclear antibodies, sedimentation rate, and rheumatoid factor. Screening evaluation relevant to smoking habits included the urinary levels of nicotine and its derivative cotinine and serum levels of carboxyhemoglobin. Upon completion of the baseline evaluation, all individuals who met the inclusion/exclusion criteria underwent fiberoptic bronchoscopy to obtain airway epithelial cells. Smokers were instructed not to smoke following the evening prior to undergoing bronchoscopy.
Collection of Airway Epithelial Cells
Fiberoptic bronchoscopy was performed to collect airway epithelial cells using methods developed in our laboratory to ensure the extraction of high quality RNA for gene expression analysis (4, (9) (10) (11) . A 1-mm disposable brush (Wiltek Medical Inc., WinstonSalem, NC, USA) was advanced through the working channel of the bronchoscope. The airway epithelial cells were obtained by gently gliding the brush back and forth on the airway epithelium 5 to 10 times in 10 different locations in the same general area. Two independent samples of airway epithelium were obtained from each individual, from the 3rd branching of the bronchi in the left and right lower lobes. For 20 individuals (13 smokers and 7 nonsmokers), samples were collected from the right lobe 1st and from the left lobe 2nd. In 4 additional nonsmokers, the order was reversed with airway epithelium collected from the left lobe 1st and then subsequently from the right lobe. The time elapsed in the process of obtaining airway epithelial cell samples from sedation to last brush is as follows: from general sedation to administration of topical anesthesia (lidocaine) to the vocal cords, 6.0 ± 1.8 min (mean ± SE); from passage of the fiberoptic bronchoscope through the vocal cords to obtaining the 1st brushes (right or left) 5.0 ± 0.8 min; from starting the brushes on the 1st side to starting the brushes on the 2nd side, 12 ± 2 min. The total time of the procedure, collecting airway epithelial cell samples from both sites (right and left) irrespective of the order, was 19 ± 2.6 min.
The cells were detached from the brush by flicking into 5 mL of ice-cold LHC8 medium (Invitrogen, Carlsbad, CA, USA). An aliquot of 0.5 mL was kept for differential cell count. The remainder (4.5 mL) was immediately processed for RNA extraction. Total cell number was determined by counting on a hemocytometer. Differential cell count (epithelial compared with inflammatory cells) was assessed on sedimented cells prepared by cytocentrifugation (Cytospin 11, Shandon Instruments, Pittsburgh, PA, USA) stained with DiffQuik (Baxter Healthcare, Miami, FL, USA). The samples from the right and left lungs were kept independent of each other throughout subsequent analyses. For a subset of 3 smokers and 3 nonsmokers, lung biopsy specimens were collected and processed for histological examination using hematoxylin and eosin staining. The sections were evaluated for the presence of inflammatory cells, percentage of basal cells, goblet cells, and intermediate and ciliated cells.
Preparation of cDNA and Hybridization of cRNA
All analyses were carried out with the Affymetrix HuGeneFL chip using the protocols from Affymetrix (Santa Clara, CA, USA). Total RNA was extracted from the brushed cells using TRIzol (Invitrogen Life Technologies, Carlsbad, CA, USA) followed by RNeasy (Qiagen, Valencia, CA, USA) to remove residual DNA, a procedure yielding approximately 2 µg from 10 6 cells. First-strand cDNA was synthesized using the T7-(dT) 24 primer (sequence 5′-GGC CAG TGA ATT GTA ATA CGA CTC ACT ATA GGG AGG CGG-(dT) 24 -3′; high-performance liquid chromatography purified from Oligos Etc., Wilsonville, OR, USA) and converted to double-stranded cDNA using Superscript Choice system (Invitrogen Life Technologies). Double-stranded cDNA was purified by phenol chloroform extraction and precipitation, and the size distribution was examined after agarose gel electrophoresis. This material was then used for synthesis of the biotinylated RNA transcript using the BioArray HighYield reagents (Enzo, New York, NY, USA), purified by the RNeasy kit (Qiagen) and fragmented immediately before use. As specified by Affymetrix, the labeled cRNA was 1st hybridized to the test chip and then, when satisfactory, to the HuGeneFL GeneChip, for 16 h. The GeneChips were processed by the fluidics station under the control of the Microarray Suite software (Affymetrix) to receive the appropriate reagents and washes for detection of hybridized biotinylated cRNA and then manually transferred to the scanner for data acquisition.
Microarray Data Analysis
As recommended by Affymetrix, the image data on each individual microarray chip was scaled to an arbitrary target intensity, using the Microarray Suite software (version 5.1). Data analysis was carried out on all 48 microarrays representing the airway epithelium from the right and left lungs of the 24 individuals (7 nonsmokers and 13 smokers, for whom right airway epithelium was sampled 1st, and 4 nonsmokers for whom left airway epithelium was sampled 1st). The raw data was normalized using the GeneSpring software (Silicon Genetics, Redwood City, CA, USA). All 48 microarrays passed GeneSpring quality acceptance criteria. Normalization was carried out using the default normalization parameters recommended by the software, as follows: (1) per microarray sample, by dividing the raw data by the 50th percentile of all measurements; and (2) per gene, by dividing the raw data by the median of the expression level for the gene in all samples. Data from probe sets representing genes that failed the Affymetrix Detection criterion (labeled "Absent" or "A" or "Marginal" or "M") in all 48 microarrays were eliminated from further assessment. All further analyses were carried out on the remaining 4427 genes selected using these criteria. Global expression analysis was carried out through hierarchical clustering with GeneSpring software using the Spearman correlation. Genes were categorized according to biological function using searches of the Affymetrix annotated databases (www.affymetrix.com) for the HuGeneFL chip and also searching public databases (for example, LocusLink, GenBank, and OMIM).
Statistical Analysis
The demographic data for nonsmokers whose right airway epithelium was sampled 1st (n = 7), smokers whose right airway epithelium was sampled 1st (n = 13), and nonsmokers whose left airway epithelium was sampled 1st (n = 4) were assessed for age, cell yield, % epithelial and non-epithelial cells using analysis of variance (ANOVA). Sex and race of the 3 groups were compared by Chi-square test. The initial identification of genes that were differentially expressed in the 2nd sample of airway epithelium compared with the 1st sample was conducted using the 20 individuals whose right airway epithelium was sampled 1st. Comparison of gene expression levels in the 2nd airway epithelium sample were compared with expression levels in the 1st sample by calculating the P values using the paired Student t-test. Additionally, the fold-change in expression levels between 1st and 2nd samples were calculated for each gene in each individual, and the mean fold change for each gene was calculated as the average fold change of all individuals. These analyses were done on the 4427 genes that passed the Affymetrix Detection criterion (labeled "Present") in at least 1 microarray for the 20 individuals whose right airway was sampled 1st, and genes were identified as significantly up-regulated or down-regulated if they met the following 2 criteria: the calculated P value of the paired Student t-test was < 0.01 and the fold change between the 2 sequential samples was greater than 2.0. The ratio of expression levels in the 2nd sample to that in the 1st sample was also determined separately for the smokers and nonsmokers whose right airway epithelium was sampled 1st. Smokers were compared with nonsmokers using a two-tailed Student t-test.
RESULTS
Study Population and Airway Epithelium Samples
The study population consisted of 2 groups that were based on the location that was sampled 1st by bronchoscopy and brushing: group 1 included 20 individuals whose right lung was sampled 1st, and group 2 included 4 individuals whose left lung was sampled 1st (Table 1 ). All individuals were determined to be phenotypically normal based on standard history, physical exam, routine blood and urine studies, chest X-ray, EKG, and pulmonary function tests. Urine nicotine, urine cotinine, and venous carboxyhemoglobin levels verified that the individuals who gave a history of current smoking were current smokers and those reporting nonsmoking were nonsmokers. The cells recovered by bronchial brushing contained 4 major epithelial cell types (ciliated, basal, secretory, and undifferentiated cells) and a small number of inflammatory cells (1 ± 1%, all groups). In all cases, >10 6 epithelial cells were obtained, which is more than sufficient for the microarray analysis.
Global Assessment of Gene Expression
The human HuGeneFL microarray GeneChip has probe sets representing approximately 5000 human genes. For global gene expression analysis, the probe sets that were used were those identified as expressed ("Present," as labeled by Affymetrix according to their expression-determining algorithm) in at least 1 microarray of the 48 microarrays included in the present study. 4427 probe sets were identified as expressed in at least 1 chip. A cluster analysis carried out using the normalized expression levels for all 4427 expressed probe sets did not segregate the individuals whose right lung was sampled 1st (group 1) from those whose left lung was sampled 1st (group 2; Figure 1 ). As noted previously, this type of analysis did not segregate the smokers from the nonsmokers (4). As expected, the inter-individual variability in global gene expression patterns was greater than intra-individual variability, as shown by the fact that samples from the right and left lungs of the same individual tended to cluster together.
Up-regulation of Specific Genes in Sequentially Collected Samples of Airway Epithelium
Group 1 subjects were part of a study to evaluate the in vivo effects of cigarette smoking on airway epithelial gene expression in healthy smokers compared with nonsmokers (4) . In this group, we routinely sampled the airway epithelium of the right lung 1st. After sampling in the right lung, the bronchoscope was positioned in the left lung and samples were obtained by brushing. The right lung and left lung samples were processed independently throughout the RNA extraction and labeling procedure with the purpose of utilizing them as biological and experimental replicates in the subsequent microarray processing and data analysis. When intra-individual comparisons of gene expression levels in the right lung samples versus the left lung samples of 13 healthy smokers and 7 healthy nonsmokers were carried out using the paired Student t-test, a total of 23 genes were up-regulated >2-fold in the airway epithelium obtained from the left lung (2nd sampling site) compared with that obtained from the right lung (1st sample site), with a P value < 0.01 (Figure 2 ). These genes were grouped by general functional category using the annotations in the public genomic databases into 4 main categories: transcription factors, signal transduction, cell cycle/growth, and apoptosis ( Table 2) . Analysis of the available information regarding these genes showed that the majority of these genes are known to be transcribed early during cellular stress responses to various stimuli. Ten genes encode transcription factors known to be part of early stress cellular responses, 5 genes encode proteins or enzymes involved in signal transduction cascades. Three of the genes are involved in the regulation of cell cycle or cellular growth control and 2 related to apoptosis. Only 3 of the 23 up-regulated genes do not belong to any of these functional categories.
We hypothesized that these genes were up-regulated in the 2nd sample as a consequence of the temporal acquisition of the samples and not due to inherent differences in gene expression between the 2 lungs. The biological nature of the up-regulated genes (early stress response) pointed in that direction, because the delay in collection of the airway epithelium sample from the 2nd location would allow for the induction of transcription of these genes to occur and be reflected in increased mRNA levels for these genes. To test this hypothesis we recruited 4 additional individuals (all healthy nonsmokers) and reversed the order of the procedure by sampling their left lung airway epithelium before proceeding to sample collection in the right lung. Remarkably, when the order of sampling was reversed, with the left airway epithelium sampled 1st, almost all of the same subset of genes were up-regulated in the samples obtained from the right lung airway epithelium (see Table 2 , Figure 3) . Specifically, 18 of 23 genes (76%) fulfilled the criteria of 2-fold up-regulation in the 2nd sampling site compared with the 1st sampling site. Thus, the observed up-regulation in gene expression of this subset of genes is due to the timing of sample collection and not to real differences in gene expression between the 2 lungs.
Because all the individuals that had their left lung sampled 1st were nonsmokers, we investigated whether smoking was a confounding factor by calculating separately the average left lung-to-right lung gene expression ratio for the 23 up-regulated genes for the 13 smokers and 7 nonsmokers in group 1. The average ratios of left-to-right gene expression for nonsmokers ranged from 1.21-to 10.47-fold, with 1.21 being the only ratio <2-fold. The gene, zinc finger protein 148, was 1 of 6 genes that did not confirm the original observation when the sampling order was reversed (see Table 2 ). The average left-to-right gene expression levels for the smokers ranged from 1.26 to 5.04. The differences in the ratios of left-to-right expression levels between nonsmokers and smokers were not significant for any of the 23 genes (Welch t test, assuming variances unequal; P values 0.06 to 0.88). Thus, smoking is not a confounding factor in the observation of up-regulation of this specific subset of genes in sequentially obtained samples of airway epithelium.
To further illustrate the observation of temporal effects on the expression levels of specific early stress response genes in airway epithelium samples obtained sequentially by bronchoscopy, the normalized gene expression values of representative genes that were up-regulated in the airway epithelium of the 2nd sampling site were examined in all individuals involved in the study (20 individuals who had their right lung sampled 1st and 4 individuals whose left lung was sampled 1st; Figure 4 ). The data demonstrate that most individuals show a higher level of expression of these genes in the airway epithelium of the lung that was brushed 2nd, regardless of whether it was the right or the left lung. As a control, 2 housekeeping genes commonly used as controls in gene expression studies, glyceraldehyde phosphate dehydrogenase, (GAPDH) and TATA-box binding factor IIB (TFIID), show the same level of expression in both lungs in most individuals, regardless of timing of sample collection (Fig. 4B) .
DISCUSSION
The basic assumption of science that a "real world" exists independent of us, regardless of whether or not we observe it, was challenged in 1927 by Werner Heisenberg in his paper "Über die Grundprinzipien der 'Quantenmechanik'" (12) . Generally called "Heisenberg's uncertainty principle" or the "principle of uncertainty," it articulates that every concept has a meaning only in the terms of the experiments used to measure it. Although Heisenberg was focused at the time on the fundamental question in physics regarding wave versus quantum mechanics, his principle that "the more precisely the position is determined, the less precisely the momentum is known in this instant, and vice-versa" (12) has evolved as a general concept regarding the limits of certainty. Fundamentally, the Heisenberg uncertainty principle states that an event comes into existence when we observe it (www.aip.org/history/heisenberg/).
The same basic assumption of reality is an inherent principle of assessment of gene expression. In this context, and in the Figure 2 . Statistical significance of genes up-regulated in the left airway epithelium compared with the airway epithelium of 20 healthy nonsmokers and smokers in whom the right airway epithelium was sampled 1st. The P values of the 267 genes that were up-regulated >2-fold in the left airway epithelium (sampled 2nd) compared with the right airway epithelium (sampled 1st) were calculated using the two-tailed Student t-test, assuming equal variances. Shown on the ordinate is the P value for each gene and on the abscissa, arbitrary gene number from 1 to 267, derived from the alphabetical order of the GenBank or TIGR identifiers, left to right. Note that 23 genes had a P value < 0.01 (᭡), while the remainder had a P value > 0.01 (᭝).
broader sense of the Heisenberg principle as alteration of an experimental scientific observation caused by the observer (or the procedure performed by the observer), our observation of collection procedure-induced temporal differences in gene expression levels between samples collected from the right and left lungs reflects the general concept of the Heisenberg principle. In addition to the variability inherent in the methodology used to quantify gene expression such as the purity and quality of the RNA samples, and the variability in the microarrays and hybridizations per se, the present study illustrates a significant issue inherent in measuring gene expression in vivo, particularly in human samples, that is, the influence of the methodology used to obtain the biologic samples of interest. Importantly, the data demonstrates that, whereas assessment of gene expression in a global level suggests minimal variability in airway epithelial samples taken sequentially from normal volunteers, assessment on a gene-by-gene basis demonstrates the genes that respond to stress, such as those involved in transcription, signal transduction, and cell cycle/growth and apoptosis, can be up-regulated as a function of time, likely due to the procedure inherent in the sampling process. This samplingdependent uncertainty is likely a widespread phenomenon that is relevant to assessing gene expression in a variety of organs and circumstances, particularly in humans where the procedure per se is associated with some stress to the individual.
The majority of genes identified in the present study as upregulated due to the sampling procedure belong to the functional a The genes listed are the 23 genes that were expressed, on average, at more than 2-fold higher level in the airway epithelium of the left lung compared with the right lung of each individual, using 20 individuals whose right lung was sampled 1st (P < 0.01 by paired t-test). b Categories assigned are based on GenBank, PubMed, and literature searches. c GenBank or TIGR unique identifier. d Description is based on GenBank identifier together with PubMed, Locus Link, GenBank, and OMIM searches. e P value was calculated based on 20 individuals (40 microarrays) whose right lungs were sampled 1st, using the paired Student t-test f The average ratio for the 20 individuals whose right lungs were sampled 1st was assessed as follows: the ratio of left airway epithelium to right airway epithelium expression levels for all genes labeled "P" in at least 1 microarray were calculated for each individual, and then the average of all individual ratios for each gene was determined. g The average ratio for the 4 individuals whose left lungs were sampled 1st was assessed as follows: the ratio of left airway epithelium to right airway epithelium expression levels for all genes labeled "P" in at least 1 microarray were calculated for each individual, and then the average of all individual ratios for each gene was determined. Table 2 . Genes up-regulated in the airway epithelium of the 2nd sampling site relative to the first sampling site a category of early response genes that include transcription factors and signal transducers. Many of these genes have been identified by their ability to be rapidly induced by a variety of stresses and stimuli, including proliferation signals, and belong to a category known as immediate-early or early response genes (13) (14) (15) (16) . These include 3 members of the early growth response gene family (EGR1, EGR2, EGR3) of zinc-finger transcription factors that are rapidly induced by mitogenic stimulation, radiation, or hypoxia (17) (18) (19) (20) (21) . EGR1 has been linked to the expression of several mediators, including platelet-derived growth factor and fibroblast growth factor-2, the mitogen-activated protein, extracellular signal-regulated kinase, and c-jun NH 2 -terminal kinase kinase pathways (19) . In the lung, we have previously reported that EGR1 is induced in lung growth responses within 2 h following postneumonectomy in mice (22) , and Yan and others (23, 24) have demonstrated rapid induction of EGR1 in the lung within 30 min response to hypoxia. EGR1 also plays an important role in regulating macrophage differentiation in response to viral infections and inflammatory states (25) (26) (27) and is responsive to biomechanical stress, evidenced by rapid, transient EGR1 expression in endothelial cells in response to sheer stress (28) . Two other immediate early response genes, fos and jun, the transcription factors that dimerize to form the transcription factor complex as AP-1, were also identified as up-regulated in the 2nd sampling site in the airway epithelium. These transcription factors have been implicated as regulators of cell proliferation, differentiation, transformation, and apoptotic cell death (29) . c-fos has also been described in several studies to be induced by lidocaine (30), the topical anesthetic used in the bronchoscopy procedure used in this study. The expression of c-fos and junB are upregulated in the rat brain by general aesthetics, such as pentobarbital and halothane (31) . c-jun mRNA is also increased in rat heart, liver, and kidney by isoflurane and propofol, while cfos expression is increased in the kidney by all 3 anesthetics (32). Together, these observations suggest the stress of anesthesia affects immediate early gene expression, but there are inter-anesthetic and inter-organ differences in the effect. Because immediate early response genes are induced by a myriad of external stimuli, including cytokines and other inflammatory mediators (33) , it is Table 2 . Each data point represents the average ratio of expression level of the 2nd sample compared with the 1st sample for a given gene, in 2 study groups: the group labeled "Right first" consists of 20 individuals whose right lung was sampled 1st, and the group labeled "Left first" consists of the 4 individuals whose left lung was sampled 1st. Note that in the "Right first" individuals, all 23 genes had a ratio > 2 (because this was a criterion for selecting these genes) and in the "Left first" individuals, 18 of 23 genes had a ratio >2, confirming that the up-regulation is dependent on the timing of sample collection and not location.
not possible to determine whether the observed increase in these genes in the present study is due to the application of the local anesthetic lidocaine, to the mechanical or psychological stress of the procedure, or to systemic inflammatory events derived from the local epithelial desquamation.
We also observed up-regulation of 2 members of the dual specificity protein phosphatase (DUSP) subfamily, DUSP 2 and DUSP 5. These phosphatases inactivate their target kinases by dephosphorylating both the phosphoserine/threonine and phosphotyrosine residues (34) . They negatively regulate members of the mitogen-activated protein (MAP) kinase superfamily (MAPK/ ERK, SAPK/JNK, p38), which are associated with cellular proliferation and differentiation (16, 34) . Different members of the family of dual specificity phosphatases show distinct substrate specificity for various MAP kinases, different tissue distribution and subcellular localization, and different modes of inducibility of their expression by extracellular stimuli. For example DUSP-1 (also known as MKP-1) is induced by heat shock and oxidative stress in human skin cells (35) , DUSP-2 by a variety of growth factors in human cell lines, while DUSP-5 expression is induced by stress stimuli such as anisomycin and osmotic stress in cultured cells and by inflammatory cytokines in human T cells in vitro (36) (37) (38) (39) . Our observations suggest that unidentified stress stimuli inherent to the bronchoscopy procedure are able to stimulate an increase in the expression of at least some members of this family of phosphoserine, phosphothreonine, and phosphotyrosine phosphatases.
Regarding the possible mechanisms of induction of early response gene expression in the lung that is sampled 2nd (contralateral lung), in addition to psychological stress or effects of the anesthetic, all of which may be mediated by the central nervous system, the increase in gene expression levels in the contralateral lung could also be mediated by systemic inflammatory phenomena derived from the induction of the local injury caused by the brushing procedure and consequent accumulation of neutrophils and other inflammatory cells. In this context, our observations are similar to the neutrophil sequestration and injury observed in the "unchallenged" lung in focal HCl aspiration into one of the lungs in a rat model (40) .
In conclusion, we have identified a new potentially confounding factor in studies of gene expression using microarrays. Specifically, we have demonstrated differential expression levels of several genes in samples of airway epithelium that were collected sequentially in each individual. These differences are not "real" in the sense of being inherent to the biological samples, but instead are the result of differences in the sampling protocol that are necessarily introduced to obtain the sample, particularly in humans.
